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Il. Methods for developing case definition
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Ill. Case definitions

Neonatal Hyperbilirubinemia
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Acute Bilirubin Encephalopathy (ABE)
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Chronic Bilirubin Encephalopathy (Kernicterus)
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V.

VI.

Rationale for review
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Conceptual framework
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Treatment of

Risk assessment of
Hyperbilirubinemia

Hyperbilirubinemia

Screening for Diagnosis of:
Meonatal Acute bilirubin €nee
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VIIl. Key questions
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Study Design Number of Articles

Experimental intervention 5

Cohort study 17

Case-control study 13

Case series 57
Sample size < 10 6

Sample size 11 to 50

Sample size 51 to 100 4
Sample size 101 to 1000 24
Sample size > 1001 16
Cross-Sectional study 13
Time-Series study 4
Before and After study
Economic Evaluation* 2
Total studies 112

*Five papers contained economic information but only two classified as economic evaluations
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Name Title Replied Completed Telephone
written interview
survey
Rachel Avchen, Senior Research Scientist, Developmental Disabilities
MS, PhD Branch, National Center for Birth Defects and v
Developmental Disabilities, Atlanta, Georgia

Vinod Bhutani, Professor of Pediatrics (Neonatology), Lucile Salter

MD, PhD Packard Children’s Hospital, Stanford University School
of Medicine, Department of Pediatrics, Division of v v v
Neonatal and Developmental Medicine, Palo Alto,
California

Coleen Boyle, Director, Division of Birth Defects and Developmental Deferred

PhD, MSH Disabilities, National Center for Birth Defects and to other
Developmental Disabilities, Atlanta, Georgia experts

Karen Dixon, Co-Founder, Parents of Infants and Children with

PhD Kernicterus (PICK); Assistant Professor of X
Neurobiology, University of Alabama at Birmingham,
Birmingham, Alabama

Gabriel Escobar, Research Scientist Ill, Division of Research, Kaiser Deferred

MD Permanente Northern California; Staff Pediatrician, to other
Kaiser Permanente Medical Center, Walnut Creek,
California, Oakland, California experts

James G. Flood, Director, Chemistry lab, Department of Pathology,

PhD Massachusetts General Hospital, Boston, v v
Massachusetts

Scott Grosse, Associate Director for Health Services Research and

PhD Evaluation, Division of Blood Disorders, National
Center on Birth Defects and Developmental v v
Disabilities, Centers for Disease Control and
Prevention, Atlanta, Georgia

Thomas Hegyi, Program Director, Division of Neonatology; Professor

MD and Vice-Chair, Department of Pediatrics; Director, Deferred
SIDS Center of New Jersey; Director, Kernicterus to other
Prevention and Research Center; Director, High-risk experts
Infant Follow-up Program, New Brunswick, New Jersey

Lois Johnson- Pennsylvania Center for Kernicterus, Philadelphia,

. v v v

Hamerman, MD Pennsylvania

Michael Kaplan, = Department of Neonatology, Shaare Zedek Medical

MB, ChB Center and Faculty of Medicine of the Hebrew v v

University, Jerusalem, Israel

Michael Assistant professor, Division of Neonatology,

Kuzniewicz, MD, Department of Pediatrics, University of California, San X

MPH Francisco, California

M. Jeffrey Professor of Pediatrics; Chair, Department of

Maisels, MD Pediatrics; and Chair, Practice Parameter for Y Y v

Management of Neonatal Hyperbilirubinemia,
Beaumont Hospitals, Michigan
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Marie Mann,
MD, MPH

Integrated Services Branch, Division of Children with
Special Health Needs/ Maternal and Child Health
Bureau/ Health Resources and Services Administration
/Health and Human Services, Rockville, Maryland

Thomas B.
Newman,
MD,MPH

Professor, Division of Clinical Epidemiology, University
of California, San Francisco

Lu-Ann Papile,
MD

Professor of Pediatrics, Neonatology; Director of
Developmental Care and Follow-up, Baylor College of
Medicine, Houston, Texas

Michael Sgro,
MD, FRCPC

Deputy Chief of Paediatrics & Director of Research
Assistant Professor, University of Toronto, Department
of Paediatrics, St. Michael’s Hospital, Toronto, Ontario

Steven M.
Shapiro MD,
MSHA

Professor of Neurology, Pediatrics, Physical Medicine
and Rehabilitation, Otolaryngology-Head & Neck
Surgery, and Physiology and Biophysics; Vice
Chairman, Division of Child Neurology; Department of
Neurology, Medical College of Virginia Campus,
Virginia Commonwealth University Medical Center,
Richmond, Virginia

Sue Sheridan,
MIM, MBA

Cofounder, Advisor to the Partnership for Patient
Safety, Parents of Infants and Children with
Kernicterus

Ann Stark, MD

Professor of Pediatrics, Neonatology; Director,
Neonatal-Perinatal Medicine Fellowship Program;
Associate Program Director, General Clinical Research
Center; Chief, Neonatology Service, Texas Children's
Hospital, Baylor College of Medicine, Houston, Texas

David
Stevenson, MD

Director, Charles B. and Ann L. Johnson Center for
Pregnancy and Newborn Services, Lucile Packard
Children's Hospital at Stanford; Harold K. Faber
Professor of Pediatrics, Stanford University School of
Medicine, Palo Alto, California

Marshalyn
Yeargin-Allsopp,
MD

Chief, Developmental Disabilities Branch, National
Center on Birth Defects and Developmental
Disabilities, Center for Disease Control and Prevention;
Adjunct Assistant Professor of Pediatrics, Emory
University School of Medicine, Atlanta, Georgia
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X. Results: evidence findings to address the key questions

¢KIA aS0012y LINSASYE 1KS SARSY0S Ti2Y (KS lyOfizRSR IMIii0tSa0 91-0K 20002y lyOfizRSA I+
&Y' Y Mg 27 TyRiy3a 1i2Y iKS SiSHI-idziS 1SeSa! I-4aSaaY Syl 27 iKS ljazl-fiie 27 iKS SPRSy0S Ti2Y
SI-0K yOfizRSR MIGOES 1-yR tyF20Y -2y Y (KS SELISHa oK Sy iKS8 LI2AIRSR SHRSY0S ISRl
UKS 158 ljizSaii2ya y2i 20KSigiasS I11E1-6tS IRY (KS aStS0SR 1Miin0iSas

A. Condition:

Key questions pertaining to condition:

o A yS2ylilf KeLISIoMN:zolyS Y - gSERSTYSR oy1-idzil-€ Ki&i2UEI lyOIRSy0SE LIISAI-Sy0S! I1yR
aISO0NG Y 2F aSESIigiK =KSy R254 i IFLILISHI Oflyi0IteK =KI-i IS (KS Ty2éy il FI-0i20a 11
l-y_K

o 2K OKIMI-0GSNTSA 1-00z0S 1yR OKN2y10 oitiidzony” SyOSLIKIH2LII-IKE oy-idzil-€ Kigli2V8T tyOIRSyDSE
LINSAI-SyOST I-yR aLIS0NdzY 27 ASASNiRIK

o 2Kl SBIRSYOS 1 I-914E1-0£S NSIIMIRIY3 KS NSEI-ii2yaKILA 1Y 2y3 yS2y1-il£ KeLISioitlzolyS Y iI-
I-yR 1:0dzS 1yR OKli2y10 oXtllitzoly” SyOSLK I2LI1-iKEK

o A yS2ylilf KeLISioMNiizolyS Y il- 145201-0SR @ik Y 21S 3i6itS IIRESIAS 24002 Y Sa 20KSI iK1y
I-0z8S 1yR OKli2y10 oitildzoty” SyOSLIKIH2LI-iKEK

Literature review:

Incidence

28 120ryR T &lzRISA (K10 1-RRISAE (KS IyOIRSYDS 27 KELISIoHdzoySY M- 1-yR OKIi2yl0 6itiiizoly”
SyOSLKI2LIiKes wSLI2WISR lyOIRSYOS NI-iS3 BIHig RazS {2 710020 &z0K 14 01-4S RSTyAlRy 61056 £SASE
2F ¢ . 0 1FE0SHiyY Syt 01650 /5 02RSa0 I-yR Wiaq FI-0020 ty (KS Li2Ldztl-ii2y 6Sly3 &lzRISRY ¢KS
NI-y3SE 27 NSLI2NGSR tyOIRSYDS 2F KeLISiaitiizolySY Hl- IyR 0KNi2yi0 oltildzoty” SyOSLIKI-2UI-iKe 1S
&Y Y TSR ly ¢1-6tS4 n 1yR po 9&liY 1S 27 (KS lyDIRSy0S 2F yS2y1Hil KeLISIotiizolyS Y il-
RSLISYR 2y7(KS RSTyAllR2y 2T KELISIoMdzotySY M- ¢ESRT Nily3ty3 2Y g> i olfllizoly (505t

HMHY IKR[I §2 none> 10 honY IkR[ {LISOWIOI-EERT oitlizoty (S0t HonY IKR[ NI-y3S M2Y onmu 01-4S4
LIS mantnnn 6 2SINSE SiSIESyT = 9665aSyt HnnyT al-K Si 10T vamnT alyyly3 Si I nantT
bS&Y Iy Si 161 mbhdT bSSY Iyl [1SaNI-YRL =5 94020 I Hnnodl iy iKS 1-0&0N1-04SR HaSHI-dzNSe
QaiNY'I-iSa 27 (KS tyOIRSY0S 2F 0KIi2y10 oifilizoty” SyOSLIKIH2LIKE Nly3S Ti2Y nendgmHer LIS maninnn
0. 02274 St 100 nammT . d2iS St 10T HandT Wy31HHIR Sh 0L vanyT aliy 6dia Si 146 vangT al-yyly3 Si
167 nnTT bSEY Iy Sl 161 Hnncid 9EOfizRIY3 2y/S ailizRe GKIOK RSFYSR 01454 68 L/5¢ 02RS 2ytel
(KS SalrY 1SR IyOIRSYOS lil-y3Sa 7i2Y nendmmto LISH maninnnt

Spectrum of Severity

{SSNI£ aizRISE I-RRISAASR (KS &dzadtST 1-0dzdS I-yR 0KN2yi0 ST1S00E 27 yS2y1-il€ KeLISiotliizolySY il
¢1-0tSa ¢ IyR T a2Y'Y HINTS (KS ThyRly3a Fli2Y (KS 1-0aiN1-00SR €iiSNI-idziS 720 1-0dz0S 1-yR OKlizy10
0Y'SiK2Ra 27 1-40SHilyY Syt Y'SIy ¢{ . £SESH lyOtizdl2y 27 hyFl-yia @ik KSY 28010 RI&SI-4S01 (8LIS 27
ySuIi2RSASE2LIY Syl 1-43SaaY Syt 0 NI Sti2y bS2y1-il . SKI-g21€ 133S33Y Syt {014S b. b . 1 {8
OtiyA01£ S@Iazl-in2ys GhadzI- SAR2SR LI2Syinlf o9t olll-y&EISY I-RIi2N& SP2USR LI20Syll . 1980l

1l4|Page



(Y ly3 27 Wyin-£ 1-4aS38Y Syl 12tt2amdzl) LISI2RE FyR NSIHIY Syle ¢Kazar RIFFSISY0Sa Iy aldzRe RSy
Y1 (KS I-okiie 2 02 Y LIMHIS ldzRe RI-0I- 0¢1-6t54 ¢ 1-yR (0

Subtle Manifestations

{SSNI£ aY I aldzRISA 14aS3aSR yS2y1-1Sa T2 0flyi01€ Y I-yrSail-ii2ya Li20Sylte 1-a3200-iSR @ik
StS@I1-GSR oAtizony tSOSEAT I-i (59Sta tSaa iK1y iK1+ dzaSR (2 Y'SSii iKS 02 Y'LISIS 01-4S RSNy 121
I-0020S olilidzony” SyOSLIKI-2LI-iK&e 1Y 2y3 yS§2y1-iSa SiiK ¢{ . HMoYIkR[I iKS _NI-TStizy bS2yl-il
-SKI-g121) 133S33Y Syl {0IS 6. b . 1{0 &K2&SR ail-iiaii01te a3ymi0l-yh RIFFSISY0SE 6SiaSSy iKS Hy
aldRe IyR Hy 02yili2t yS2y1-153 Iy 20Syiil-it2y1 Nly3S 27 all-iST 1S3dztl-ii2y 27 &il-iS IyR 12y Y10
NS3dztl-Gi2y oal-yal Sh 10T nnnoto  1y2iKSH &ldRe dzaty3 (KS . b. 1{ SliK pn y52y1-i53 SliK
KeLISUoItizolySY M- 0¢{ . MotHtHA Y IKRGI 14 02 Y LIMISR {2 pn 02yili2td &K2&SR a13ymiol-yi
RIFFSISYOSa I Tl S@1-izl-ii2ys odzll y2 RIFFSISYDSE Hn K2dz0 E1-0SH 1-yR 16 (KNSS £551a 27 1135
Gt 1-€zRSiili2 Sii 1401 HnnHie b2 TazliK SN T2tt2GmiL) G1-8 NISLI2UISRY

1y20KSN &Y I alzRe 02YLIMISR (KS ySii2t23101€ SEI'YE 2F vn 1S0Y y52y1-i58 S1iK ¢{ . Bmrip
Y'3KR[ (2 Hn 1-9S1Y 10K SR 02yili2ta o{2201-yin[dyatydr =260 5 1I-RRSHAT N Hanmie b2 lyFlyi
KIR |- RSFyAGIZSER 1-oy20Y 14 SEIYT HiK2d3K Yyl ySii2t2310 Reafiydilzy ¢4 all-iialiol-fe
AIYI01yER KIFKSI Y IKS y52y1-iSa GiiK KELISoMzotySY Al omnkmny K1y 1y (KS 02yili2E Fi2dL)
GpKkHA 0L £ nonpie ¢KIA BISYR G4 1432 aSSy I 1KNSS I-yR mH Y 2yiKa T2tt26miL) odzi y2{ &13ymmol-yio
Ly a2Y"Y HIBE Lidzofiak SR IISLI2WGA LIR2AIRS §iltS SARSYDS 27 Ry Li2Uil-ya 20 LISIaNaiSyt adzoitS
ySizi2t2310 TiyRiy3a0

Acute Manifestations
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Late Preterm (Near-term) Population
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B. Screening:
Key questions pertaining to screening:
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C. Treatment:

Key questions pertaining to treatment:
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D. Economic evaluation
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Key findings and summary
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Condition Key Findings

14 yS2y1-il£ KaLSIotzolyS Y Al- GStRSHYSR oyI-idzil-f KiaiRua! yOiRSy0S: LISEI-SyOSE IyR
aLIS00NG Y 27 aS@SIigiK =KSy R254 i ILILISHI 0flyi0I-feK =K1 1S (KS Ty2&y ] FI-0i20a 1§
l-yeK

¢KS lyOIRSY0S 27 yS2yl-il-f KeLISioMiiizolyS Y il- G14Sa 68 (KS 15gSt 21 KELISIohtldzolySY M- izaSRT
MW2Y g2 I oktidzoty tSASE HMHY KR 2 nonei> 14 HonY IkR[ . Kidzoly tSOSEA HonY IkR[ Nl-y3S
T2Y ommu 01-45a LIS mantnnne {SlidzY” oxliizoty LSI-a Mi2dzyR n RI-a 27 1-3S] gk SHIfSH 1yR
KIFKS LISI-1a 720 y52y1-iSa @ik 1aq F1-0024a (K1 tyOfizRS LNSY 1-idziier 1&2iY Y dzyATI-ii2y1

KSY 2810 RI&SI-4SI 26 oMK ¢SIFKIL IyR Yal-yI-0Se

2K I OK HI-06SNATSE 1-0dz0S 1-yR OKWR2yA0 oifilidzoty” SyOSLIKI-2LII-iKE dy-idzlil-f Kigli2WeT iyOIRSy0ST
LIS@I-£SyOST I-yR 8LIS0NizY” 27 &SFSinieiK

100z0S &8 Y'LIi2'Y 3 01y lyOfizRS SIKIMIFET L2210 &d20ly3! KeLi2i2yAl addLi20 1yR |- 4SS a2
NSFSET IiK243K I-RG1yOSR &8 Lii2Ya 21 SyOSLKI2LI-iKe 01 . 90 giliK KeLISHii2yAl- 2F (KS
SE(SyA21 Y dza0tS FiRdrLia I-yR aS1160S4 by IRRi2y (2 1KS 10085 a8 Y'Lii2Y & 1S ad:0&l1-yil-fe
{543 02Y'Y'2yh LyOIRSYDS 27 1.9 oy2ii lyDftzRly3 (KS &hzoitSmag Y Li2Y 01-4S&0 i tSaa K1y LISK
HAninnn §10S oNiiKae 9BIRSYOS az33S4la 1.9 48 Y LiRY 4 LISaSyt 6SigSSy LISI- oMoty tSOSt
2F HHopInytHY IKR[I BHiK GSHERSTYSR 01-4S4 2F RGOSR d8Y'LIi2Ya 27 1.9 200dty3 I
homnY IKR[P N7 y2iST y2i If yS2y1-iS3 SliK KIIK oitllidzoly tS0Sta @it LINSaSyl ahik 1-0ziS
GBYLI2Ya yRe21) 1. 9T SPIRSYOS &133Saia az6itS Y 1-yirSaidl-ii2ya IS Y21S 02Y'Y 2y 6dzi
UKSIS 1 fiY 1ISR SPARSYDS 27 LISUaNISY0S 27 (1KSAS a8 Y Lii2Y &

alyiSail-ii2ya 27 0Kli2y10 oifildzoty” SyOSLIKI-2LI-iKe 61SiyA0iShiiza0 Ol-y lyOftzRS 0SUSaNI LiI-ta8!
KSHity3 A LIFY Syl Y Syl ISTHIR G2y I-yR Y2020 i LIHIY Sylie a2dil-fie 01-iSa 1-Y 2y3 iKS
g2 4iizRISa T200z8SR 2y 0Kli2y10 6ifldzoty” SyOSLUK IH2UI-iKE l-y3aSR Ti2Y nogi oy (KS Fiad 8SIHi
27 7S50 (2 ooter> oHTMp Y'2yIKA 27 I-3Si ¢&2 iizRISE 2T yS2y1-il KeLISioitizolyS Y il- ly oMiiK
02K 208 ly Z1yI-RI- 1yR (KS FyaiSR {1054 RIR y2ii IRSyiiTe I-y@ 01-453 27 0Kli2y10 oltilidzoly”
SyOSLKI-2LI-iK 8¢

QaiNY'I1iSa 27 (KS tyOIRSY0S 2F 0KIi2y10 oifilizoty” SyOSLIKIH2LI-GKR Nily3S M2y nend {2 HoT LISN
maninnnl BiiK Y 2ai SGIRSYOS yRi0I-ity3 NI-153 £S&a (K 1y m LISI mantnnng

2K -4 SHRSYDS 1 19161-6£S NSAMHIRNY GKS NStI-il2yaKiLIA 1Y 2y3 yS2y1-iI-€ KBLISIoHoS Y Al-
I-yR 1-06ziS 1-yR OKli2y10 oitilidzoty” SyOSLIK IH2LI1-iKEK

¢KS 1-040NI1-06SR BiSHI-iaziS RSa0M6SE I- ALISONY 27 a0z6(itST 1-06ziS 1yR OKI2yI0 Y I-yRSail-ii2ya
27 yS2y1-il£ KELISIoMdzoySY M K2aSgSIT RIFFSISY0SA ty aldzRe Li2Liztl-ii2y IiyR RS&IY HY i
UKS 1-oMiig (2 02 YLIMIS 101233 &ldiRIS& b2 LISOMI0 oifildzoty tSASE 1 I-43200-iSR SliK

Y IymSall-ii2ya 27 10iziS 21 0KI2y10 oifilzoty” SyOSLIKIH2LIHIKRT IiK2d03K KIFKSI (59Sta 21
oltlizoty Iy iKS yS&o621ly LISIZR KI-4S 0SSy 1-43200-iSR SliK KIFKSH 2000iSy0S 2F (1KSaS

Y IyiSal-ii2yas 99IRSY0S RSY 2yaill-iSa ySHite I 01-453 27 OKli2yl0 oltiliizoly” SyOSLK I2LI1-iKe
NSadztity3 ly 20K SIG1aS KSI-iKe yFl-yia KI9S olflidzoty (595t BrpY IKR[T NS 01-4Sa 200dz0iy3
0524 oltilizoly 150563 21 HpY IkR[ KI-0S SEladly3 02 Y 2101RI01SA I-yRk2 &3ymr01-ya iaq FI-0020a

34|Page



L& yS2y1-i1f KeLISIoAtzolyS Y- 1-832001-iSR ShiK Y 2US &d60tS I-RASIES 202002 Sa 20K SN K1y
1:00z8S 1-yR OKN2y10 ditdzony” SyYOSLIK I-f2LI-IKEK

{{idzRiSA 27 ySili2RSPSE2LIY Syl 2202 Y Sa 620K S (1K I-y 0KN2y10 oifiidzoty” SyOSLKI-2LI-iKe
(1 SUyA00SHitza8) 1-45200-1SR @ik yS2yT-il- KELISIONGOYSY M- LIN2GIRS fiitS SPRSYOS 27 I-ye
LISVEEGSYT 1-oy21Y I-ii1S &0

Screening Key Findings

2K Y Sik2Ra SEial (2 30ISSy yS&621ya 121l yS2v1-ilf KeLSIoidzolyS Y H-K =K1 1S dkSm
I-y1-€810 P1-RIG8T aSyaliigiia IyR LSOHONieK

VVVVV

VVVV

oK ¢{.0

¢KS NSEI-OMiie 27 OftyI0N-yal Phadzl-€ 1-43S5aY Syl 27 yS2yl-il KeLiSiaitliizolySY M- lyRi0I-iSa
dyRSUSAINY 112y 2F ¢{ . {505t iKS Y24l 02YY 2y Ril-3y24ii0 SN2i /2Y olyly3 GiadzI€

I-43S53Y Syl @liK ¢0. hyOuSI-4Sa UKS aSyalingiie 2F LINSRIOiy3 ¢4 . £SESta 21 mHommmp Y IKR[ TI2Y
ptia’z {2 ontyz IyR LSOOG TI2Y hapos> (2 mngiz 055 [dz01- Si 167 Hnnydo ¢KS Ghadzl £
I-33538Y Sy FUI-Ry3 &8aiSY RIR y2ii LN2¢S 1-00a01-0S ty FULN2ERY 1Hily3 ¢{. BMHY IKR[ 20 KIIK
A 2F RSOSt2UIy3 a126aSjdSyl KELISUGMIEOSY -6 Ly UKS 01-4S 27 ¢0. d01SSyry3

VVVVVV

AAAAA

LINSRIOG 3020&S1jzSyi KBLISHOMMNGzOlYS Y Al- oxMTY IKR[ 10 HTH K2423 27 1-3S) SliK |- aSyanignie
I'yR bt+ 27 mngiz 0 {Syaniigiier aSOmIONE! tt+ IyR bt Mg ShiK (KS ity ly3 IyR &0USSyty3
0dzi27F dzaSRo {dz0K a0NSSyny3 Ol-y NdzES 2dzit 302635 1jdzSy KBLISUGMNAzoYS Y 1I- ty Iy l-yia Gk ¢{ .
QIS4 65t2 (KSAS 0dzi2T1a0 CalikSIY 20ST 1y K2dzinaLISONA0 orilidzory y2Y 23UI-Y 61-4SR 2y
¢{. IS4 1253 LISRIOHZY 27 &004SIjizSyl KELISIoMNdzolySY M4 ¢KS Al y2Y 230y 01y
152 0S ILUASR (2 ¢0. d1:Sal SliK aSyaiiigiie Nl-y3ty3 Fi2Y mamyHoe> 1yR ALISOIONR Ti2Y
yyomrrz 21 LINSRIOGY3 yS2y1-i5 y (KS 5Tp™ LISIOSYIHS 2 (KS y2Y 23l1-Y'0

126 R2 (ihY'ly3 21 00SSyiy3 1SN omiiK: 3Sadl-ii2y1- 1351 (KNSak2(R £SFSEAT I-yR 20K SN
02vaRSHI-il2ya 111801 (KS virY oSN 27 hyFl-yia IRSYUTISR ik 20 6Shy3 I-i &13yIm0I1-ya W&l 121
RSGSt2LY3 yS2VIHil£ KELISIOElYS Y AI-K

ZaSya LIN-0GI0S 1-yR WY LESY Syil-ii2y 27 oktlizoly yS@o2ly a0ISSyty3 ty0tizRSE lyiSink 2851
IHNI-oMIR 1y orldzory a0NSSyly3 LINIF0MI0S) axdrtink 2aL1£ dzyAdSIiEl£ oriazory a0NSSyly3 o¢{ . 21
¢0.0 o114 1-43201-0SR SliK I- A13ymI0lyite t26SH lyOIRSY0S 21 KeLISNoiildzolySYil- IyR 265l
WI-iSa 2F K281 NSIRY Madi2ya RazS (2 oltllidzoly tS@Sta CalikSI @21 aK24ztR IF-RRISES UKS Y24
oSySHOM iy ty3 27 J0USSylya1 2L Y I (KISAK2(R G140zS 121 10ii2y1 IyR oK1 F2{f2amil 1yR
Y 2yhi2ily3 dK20z6R 200020 F210 6KS yISIY SRIHIS &1 €505t FN2dzLde hT y2(ST It 00SSyry3 aidzRiSa
S@IazI-ISR GSUS 02 Y LISISR Iy t113S K&l aSidty3a 1yR Y18 y2{ ISySHIITS 2 &Y 1430
lyaiidzi2ya

3BH|Page



2K 1S (KS LI2iSyil€ K1Y a 20 ia1a 1-3a200-iSR gk G00SSyiyaK

2K Wil 300SSyty3 sk ¢0.1 (KS yarY oSl 21 622R Rill-Ga Iy (KS yS&o2lly yaiaSie 121 ¢{ .
01y 0S ai3ymIol-yite ISR:zOSRI LNS@Sytty3 dzyyS0Saalié 6f22R Rill-ga IyR 1-832001-iSR KIHIY3
00K 14 LY I-yR 6f22R 233 ¢KS SPIRSY0S RIR Y20 tyRIOIIS 20KSI ia14 20 KUY 3 1-452011-0SR
oK 30USSyry3e

Treatment Key Findings

2K Y SiK2Ra SEAl 12 ISI yE2y1-il€ KeLISo oy Y Il- 1'VR @KI-i 1a iKSI ST180iigSySaaK
2K 14 (K S NStI-iiRyEKIL 6SigSSy 2402 Y S I-yR (KS (Y iy3 21 iSI1-iY Syl viSugSyiiizyk

VVVVVV

KeLISuoitdzolySY M- IS LIK2i20KSHIFLE 1yR 90¢0 . ST2US (KS tyii2Rd0ii2y 2F LIK2(20KSUI-I8T 90¢
&1 02yaRSISR (KS 2yt STTS0MGS INSI-GY Syl 1-91461-6tS T20 KELISIOMNoSY A IHiK 263K 1ia
(&S K14 RSOfySR RUIFY 1-1014t8 hy NSOSyt &SIHiae 1RESNAS SASyia ISY 1y 02Y Y 2y 1S 90¢1
GIiK Y2016 FLIN2ENY 145 nopo LISH man LISy 1iyR nvo LISH man LNI20SRENSE IyR

Y 2061RMGE NI-y3ty3 Ti2Y MHTMPOE 2

oltldzoty Iy iKS yS2yI-il-€ LISI2R @liK2di SIRSYOS 27 1IRESIAS ySii2t23101€ 2l RSESE2LIY Syl
2020254 I 31E 8SHia 27 1380 {SASNI aiizR1Sa 0226 201iSR (KS&S TyRly3&l IyR T20yR
LK2020KSNI-I8 gz SFSOIGS 10 t2aSlily3 oltlidzony t5@SE d2 NSRd0S KS &l 27 oitiizoly”
(i2E0NI80 5NS0i SARSYDS adz33Saka K I-G SHIBSH iNSI-iY Syt ShiK LIK2(2(KSHIJe STS0iigst
t26S1E &SNy oiilzoty 505t 1yR RIYIyIAKSE KS ySSR 121 (S Syl ik 90¢0 917S0idSySad
2F LUK 202K SNI-IE §141Sa 13ymmolyite RSLISyRIy3 2y Iyl 1-3S1 3SyRSHI 3Sail-ii2y14 1-3S IyR
02 206IRISAs

2k I 1 (KS 191-t1-oiiie 21 SI-iY Sytk

- ISR dili2y iKS £1H13S yarY oSl 27 aidzRiSA T2Y GlHi2dza (201-ii2ya ShiKhy iKS 1 yaiSR {il-iSa IyR
I-ON21RI 1KS @140 1Y 2dzyl 2F BiSHI-dNS LIN2ARSE RSOl SBIRSYDS 27 (KS &1RS I-41il-0ifiie 27
IS Sylo Ly IFRRIGI2YI K2Y'S LIK2(2IKSII-LE g1-4 1452 IRSYURISR 14 |- TSI-816£S 2Ly 121
WISIHY Syl ly 2y5 &ldRe! odzi GiliK 122 2Y I 2F |- LI2Udt1-ii2y (2 Ril-g 02y0fid2ya

2K 1 1S (KS Li20Syll KHIY & 20 11314 1-382001-0SR Shik diSI-0y Sytik
K101 02 Y LIfIOIi12ya 1-4a2001-0SR SliK LIK2(20KSHI-LI8 IyOflzRS FiizR 2830 4SY LISUIidNS
lyail-oiiie 1-yR 020ySIE RIFY'1-3ST (KS (162 Y240 02YY 2y ISLI2USR 14 &1y 0I-4K 1-yR RIHNKSI-

AAAAA

T202yR y2 RIlLIi2y y Y 20K SInOKMR HiG1-0K'Y Sy 1SN GKS Fiad @S 27 6FST LISy
LK2(2dKSNI-I8 Gl-a 145201-GSR K 1- YR 20 lyiSIjazSyt 02yiiodzii2y (2 ddztySil-6fS OKMR
&8yRI2Y ST IyR 020SNly3 27 (1KS SeSar SELI2adS (2 83K 1yR Y I-iShy1£ aSLIHII-ii2y 0246:R I
02y/ilodisS (2 oSKI-a121 OKIy3Sa I-yR &liSaa ty tyFl-yiia Razily3 (NSI-GY Syte 1RRili2y1-ERE 2yS
aldzRe T2azyR y2 all-iaiiol-e ai3ymolyi SAIRSYDS 2F Iy SE0SEa la 2F &ty 0l-yOSu t1-1S1 hy ti#S
12ft26ty3 yS2y1-iI€ LIK 202K SHI-LJg0

3B|Page



2KI ﬂ u zuz [']AZ\/2¥ 0| éSé 2? OK 12y10 om dzowévDSuKl £2]1- 'u"Ké ézdztﬁe oé L\ S@é\/ﬁéﬁe mﬂK

AAAAAA

vszw uI £ KELISUAEM dzoA\/SYAI Y IyiSil- uAM azdsz oS LI sws\/m ofSK

4R 2y 143K SaltY 1-6S 2F n Yitti2y oMliKa ly iKS T yaiSR {il-iSa LIS 8SHI 1yR (KS
IyOIRSY0S 27 0KNi2y10 oitidzoty” SyOSLIKIH2LI-iKE ty iKS BaSul-iaziS 1-a nendmner LISK mantnnaT Iy
dzuué azdzyR 21 Hnmvlny 0l- aSa LIS éél 2? OK 2yx() olilizoly” SyOSLIK IM2LII-iK& 0246R 6S

AAAAAAAAAAAA

{IYItI-iteL dzaly3 |- oitlldzory €SASE 21 HonY IkR[I ShiK I- NSLI2UGSR tyOIRSYOS 27 ommu LIS manLnanT
MHﬂTlﬂy}'I 0l- aSa LJS éél I 21 AyT I W]é ISI-0Kly3 oifil dz()Ay fSQ'JSfé bonYEIK?{[ 02dsz oS Ll L é@éyﬂéﬁe
HHH 21 02ea IyR oog 121 3 ta (2 LNSASYT 2y/S yFlyi li2Y RSESt2Ly3 | il dzoAyfsrzsst I
GKIOK (KS 11t NS02Y Y SyRéd 90¢0

{{0zR1S T200:8y3 zyﬂKS S71S0i 27 LISRIZ0KIM13S 401 ééwya LN23UI-Y8 KIS F20yR 1-882011-i2yd
SliK tyOuSI-aSR LIK2(2iKSII-LE ¢&ST I t24S) yirY oS 27 ISIRY laai2ya 72 KBLISUOMNzoyS Y il
I-yR I- 2SI lyOIRSY0S 27 KBLISHoMzotySY - 1:620S (KS 1 1t0d 90¢ (KISaK2(Re

Economics key findings
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Standardization of screening practices
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Tables from Results: evidence findings to address the key questions section

Table 3 — Quality assessment of abstracted literature pertaining to condition
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Data obtained from whole-population screening or comprehensive national surveys of clinically detected cases. 6
As above, but more limited in geographical coverage or methodology. 9
Extrapolated from class | data for non-U.S. populations. 2
Estimated from number of cases clinically diagnosed in U.S. 0

hikSH y1-idl-€ Kiai2ie 2F RIaS1-aS oy
Spectrum of Severity 31

Risk Factors

Prevalence

TRILIGSR TU2Y tl-yR20 Sii 160 nannt 2660 S 160 mpgT

40| Page




Table 4 — Reported incidence of hyperbilirubinemia (in order of increasing TSB level)
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Neonatal discharges with ICD-9 codes
for hyperbilirubinemia

15,600/100,000

2,376,294 infants with hyperbilirubinemia (United States)

Burke et al., 2009

TSB value that exceeded the hour-
specific threshold for phototherapy

8,071/100,000 (64/793)

793 healthy late preterm neonates born at 34-36 weeks

Fouzas et al., 2010

TSB =9 mg/dL

12,417/100,000 (10,944/88,137)

88,137 live-borns (Australia)

Guaran et al., 1992

TSB 213.5 and <19mg/dL

6,125/100,000 (3,431/56,019)

56,019 newborns in the Perinatal Database with linkage to a
registration file (Canada)

Jangaard et al., 2008

TSB >17 mg/dL

17,570/100,000 (81/461)

461 neonates born at 37 to 42 weeks, 2500g to 4000g (India)

Bhat et al., 2008

TSB >19 mg/dL

621/100,000 (348/56,019)

56,019 newborns in the Perinatal Database with linkage to a
registration file (Canada)

Jangaard et al., 2008

¢{. %Hn YIKR[

TSB >20 mg/dL

1,950/100,000 (1,002/51,387)

51,387 infants born at 236 weeks gestation and =22000g
(United States)

Newman et al., 1999

Serum unconjugated bilirubin beyond
EcT limit

25/100,000 (32/128,344)

128,344 live-borns born at =35 weeks (Denmark)

Ebbesen et al., 2005

TSB >23.4 mg/dL

480/100,000

50 infants with hyperbilirubinemia at one hospital (study
population number of livebirths not given) (Zimbabwe)

Wolf et al., 1999

TSB >24.9 mg/dL or underwent EcT

40/100,000 (1/2480)

258 confirmed neonatal hyperbilirubinemia cases from
Canadian Paediatric Surveillance Program (study assumes birth
cohort of 320,000 over two year study period) (Canada)

Sgro et al., 2006

TSB =25 mg/dL

146/100,000 (75/51,387)

51,387 infants born at 236 weeks gestation and =22000g
(United States)

Newman et al., 1999

TSB 25 to 29.9 mg/dL

43/100,000 (before screening)
27/100, 000 (during screening)

129,345 neonates born before predischarge screening
899,472 neonates born during predischarge screening (United
States)

Mabh et al., 2010

TSB 226.3 mg/dL

45/100,000 (113/249,308)

249,308 live-borns born at =35 weeks (Denmark)

Bjerre et al., 2008

TSB >29.8mg/dL in the first month of
life

7.1/100,000

1,500,052 births (United Kingdom, Ireland)

Manning et al., 2007

TSB >29.8 mg/dL

12/100,000

249,308 live-borns born at =35 weeks (Denmark)

Bjerre et al., 2008

¢{. fon YIKR[

TSB >30.0 mg/dL

9/100 000 (before screening)
3/100,000 (during screening)

129,345 neonates born before predischarge screening
899,472 neonates born during predischarge screening (United
States)

Mah et al., 2010
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TSB =30 mg/dL

9.7/100,000 (5/51,387)

(United States)

51,387 infants born at 236 weeks gestation and =22000g

Newman et al., 1999

TSB >30 mg/dL in the first 30 days

after birth

10/100,000

111,009 births
(United States)

Newman et al., 2003

Table 5 — Reported incidences of chronic bilirubin encephalopathy
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Brooks et al., 2011

64,346 individuals born between 1988
— 1997 and received services

from the CA Department of
Developmental Services during years
1988 — 2002, among all live births in
CA during these years (United States)

ICD-9 codes for kernicterus or diagnoses
associated with kernicterus, combined
descriptions of functional abilities and disabilities

0.44/100,000 (.49/100,000 when ~10% mortality
rate considered)

Burke et al., 2009

1,395 with chronic bilirubin
encephalopathy in the Healthcare
Cost and Utilization Project
Databases, which captures 7-8 million
discharges per year (specific
population number not given) (United
States)

Neonatal discharges with ICD-9 codes for chronic
bilirubin encephalopathy (kernicterus)

2.7/100,000

Jangaard et al., 2008

56,019 newborns in the Perinatal
Database with linkage to a registration
file (Canada)

Reviewed medical records for diagnosis of
chronic bilirubin encephalopathy (kernicterus)

No reported cases of chronic bilirubin
encephalopathy

Maimburg et al., 2009

710,533 live-borns born at 235 weeks
Danish National Hospital Register
(Denmark)

Chronic bilirubin encephalopathy (kernicterus)
diagnosis by ICD-10 code

1.3/100,000 (9/710,533)

Manning et al., 2007

1,500,052 births (United Kingdom,
Ireland)

Bilirubin encephalopathy

0.9/100,000

Newman et al., 2006

106,627 live-borns 236 weeks (<1996)
or at 234 weeks (born 1997-1997 -
1998). (California, United States)

Reviewed medical records for diagnosis of
chronic bilirubin encephalopathy (kernicterus)

No reported cases of chronic bilirubin
encephalopathy
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Table 6 — Subtle and acute manifestations of neonatal hyperbilirubinemia
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AlOtaibi et al., 2005

12 infants with neonatal hyperbilirubinemia

Review of medical records, ranging from T Y'2ylKa ¢ ¢
&SI

3/9 VEP results abnormal
7/10 BAEP results abnormal
5/5 EEG results abnormal
1/5 CT scan abnormal

Bjerre et al., 2008

113 infants with TSB >26.3 mg/dL

Review of medical records ranging from H ¢ o Y'2yliKa

44/113 (39%) evidence of ABE
43/44 early ABE (lethargy, hypotonia and poor suck)

1/44 advanced ABE at 33 months (retrocollis-opisthotonos, shrill cry, no feeding,
seizures, apnea, fever, deep stupor, coma, motor deficits, hypotonia, hearing loss)

Ebbesen et al., 2005

32 infants with TSB beyond EcT limit (median max TSB
28.8 mg/dL)

Review of medical records

12/32 (38%) signs of CNS involvement

11/12 signs of ABE (lethargy, poor sucking, hypotonia, stupor, weak Moro reflex)

Gkoltsiou et al., 2008

11 infants with unconjugated hyperbilirubinemia of
>23.4 mg/dL and/or neonatal or later neurological
signs suggestive chronic bilirubin encephalopathy and
with at least one cranial ultrasound and one MRI brain
scan

Brain imaging
Neurodevelopmental assessments with Griffith's

Mental Developmental Scales and Hammersmith
infant neurological exam, BAEP

8/11 with hyperbilirubinemia (24.7-42.1 mg/dL)
3/11 with hyperbilirubinemia (13.7-16.8 mg/dL)

8/10 neonatal neurological exam abnormal (axial hypotonia, variable abnormal
limb tone, poor auditory/visual orientation)

3/10 neonatal hearing screening abnormal

9/10 available brain imaging had abnormal findings

Harris et al., 2001

6 infants readmitted in the first week with TSB >25
mg/dL

Clinical evaluation and MRI ranging from otp 1 ¢ &8SHi&

5/6 infants presented with abnormal neurologic signs including: 4 with lethargy, 1
with irritability, 2 with poor feeding, 2 with a high pitched cry, 4 with abnormal
muscle tone, and 2 with arching, opisthotonos or seizures
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Mansi et al., 2003

28 neonates with total bilirubin >13mg/dL not treated
with phototherapy

28 matched control neonates

BNBAS at n RI-84 2 13§

Significant differences in hyperbilirubinemia vs. control neonates in areas (median
score):

Animate visual — 5 vs. 6 (p =.001)

Animate auditory — 6 vs. 6 (p = .002)

Animate visual and auditory — 5 vs. 7 (p = .001)
Inanimate visual — 4 vs. 6 (p =.001)

Inanimate auditory — 6 vs. 6 (p = .01)

Alertness —4 vs. 6.5 (p = .001)

Lability of state —4 vs. 5 (p =.011)
Self-quieting — 6 vs. 8.5 (p = .001)

Tremors —7.5vs. 9 (p =.012)

Newman et al., 2003

11 infants with TSB 230mg/dL within first 30 days of
life

Review of medical records,

psychometric testing, neurologic
examinations (range Mp RI-8& 1 nop &SI4a),
parental report (range 0 1 p &SI43)

10/11 no acute symptoms of bilirubin encephalopathy

1/11 had a brief cyanotic episode

Paludetto et al., 2002

50 term neonates with TSB 13.2 -20mg/dL

50 age matched control neonates with TSB 5.3 -
12mg/dL

BNBAS at THIMmn K2dz0& 27 I-F3SI nn K2dz0i T3SV 1-yR i o
85514

Significant differences in TSB 13.2 -20mg/dL

vs. TSB 5.3 -12mg/dL groups in areas (median score):
Animate visual - 4 vs. 6 (p =.0001)

Animate auditory - 5 vs. 7 (p = .0001)

Animate visual and auditory - 4 vs. 6 (p = .0001)
Inanimate visual - 5vs. 7 (p = .0001)

Inanimate auditory - 5 vs. 6 (p =.0001)
Inanimate visual and auditory - 5 vs. 6 (p =.0001)
Alertness - 4 vs. 6 (p =.0001)

Maturity - 5vs. 5 (p =.001)

Pull-to-sit - 5 vs. 5 (p =.001)

Self-quieting - 6 vs. 7 (p =.001)

Tremors - 8 vs. 9 (p =.001)

22 infants matched pairs (infants in study group had decreasing bilirubin)
reassessed with BNBAS after 24 hours - no significant variation in the BNBAS was
noted between the groups

16 matched pairs reassessed at 3 weeks of age - BNBAS scores did not show
significant differences
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Soorani-Lunsing et al., 2001

20 neonates with TSB >12.8 mg/dL
20 matched control neonates

Neurological assessments at oy RI-€4l 0 Y 2yiKa IyR
MH Y 2ylKa

None of the neonates showed a definitely abnormal neurologic condition,
however the rate of minor neurologic dysfunction (mild abnormalities in postural
behavior, the presence of high frequency tremors, mild deviancies in muscle tone
regulation and mild asymmetries in reactions and tendon reflexes) was
significantly higher in the study group (14/20) than in the control group (5/20);
p<0.05

Vohr et al., 1990

23 term infants with TSB 10-20mg/dL
27 term infants with TSB <8mg/dL

BAEP and BNBAS wmro RI-84 2 fifS

Consistent correlations found between a TSB 10-20mg/dL and lower scores in
orientation, state range, state regulation, and autonomic stability clusters of the
BNBAS

Strongest correlations present between increased levels TSB and decreased
scores on the individual BNBAS items for inanimate auditory, inanimate visual and
auditory, animate auditory, and animate visual and auditory responses

+agI 96213R t20Syhit

Chen et al., 1995

26 infants with bilirubin between 10-14.9 mg/dL
25 infants with bilirubin between 15.0-19.9 mg/dL

21 infants with
bilirubin 220 mg/dL

22 control infants
VEP

Neurological exam and Denver test at m 851 27 I-35

Levels of max TSB were significantly related to the N1 and P2 latencies (r = 0.41,
and r =0.7), but less related to the N2 latency (r = 0.28)

In infants in the severe and moderate groups, the P2 latency is strongly related to
the max TSB levels (rs = 0.58 and rs = 0.49, respectively) within the 1st week of life

Chen et al., 2006

16 neonates with hyperbilirubinemia (TSB 13.2-19.9
mg/dL)

8 neonates with hyperbilirubinemia (TSB 220 mg/dL)
Repeated VEP dzyfilf 1 8S1Hia 2F 1-9S

Neurodevelopmental follow-up until o 851413

No significant differences in VEP between the two TSB groups

None had an abnormal BAEP or sensorineural hearing impairment

45|Page




AHy&EISY TazRMG218 9921SR t20Syill-

Baradaranfar et al., 2011

35 newborn babies with TSB > 20 mg/dL

35 non-elevated TSB control babies

4 (11.4%) newborns with TSB > 20 mg/dL had mild to moderate hearing loss
5 (14.3%) newborns with TSB > 20 mg/dL had severe to profound hearing loss

Blood bilirubin levels in 4 infants with severe to profound hearing loss had TSB >
30 mg/dL

3 with mild to moderate hearing loss had TSB > 30 mg/dL

Chen et al., 2006

29 term infants with hemolytic hyperbilirubinemia
99 with non-hemolytic hyperbilirubinemia
BAEP at lll-y3S 2T m ¢ mH Y'2ViiK&

Neurodevelopmental evaluation up to o 85I 27 I-35

3/29 (10.4%) in the hemolytic group had BAEP abnormalities
9/99 (9.1%) in the non-hemolytic group had BAEP abnormalities
3/29 (10.4%) in hemolytic group had mild motor delay and hypotonia at 3 months

2/99 (2%) in the nonhemolytic group had mild motor delay and hypotonia at 3
months

Jiang et al., 2007

90 term neonates with TSB >10 mg/dL requiring
phototherapy or EcT

43 control term neonates

BAEP

BAEP threshold in neonates with hyperbilirubinemia were significantly higher
than in control subjects (analysis of variance, P<0.0001)

Latencies of BAEP waves |, Ill, and V were all significantly longer than in control
subjects (P <0.05-0.0001)

In neonates with TSB >20 mg/dL, all wave latencies were significantly longer than
those in the controls (P<0.01, 0.001, and 0.0001 for waves |, lll, and V)

All latencies of waves |, lll, and V correlated weakly with the level of TSB (r=0.26-
0.28, all P<0.05).

Saluja et al., 2010

13 neonates with hyperbilirubinemia (as defined by
AAP guidelines for EcT) with 12 days after birth

Comprehensive auditory evaluation (OAE, ABR) LI2N
(2 RIGOKIHI3S

13/13 normal OAE results

6/13 diagnosed with auditory neuropathy spectrum disorders not associated with
peak bilirubin level
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Table 7 — Chronic manifestations of neonatal hyperbilirubinemia

{{izRe

2Lty 1yR 133533Y Syl

/KI2y10 Y lymSailii2ya I 12tt2 o)

bSii2RSASE2UY Syl SPlI-izl-ii2y”

AlOtaibi et al., 2005

12 infants with neonatal hyperbilirubinemia

Review of medical records, ranging from T Y 2yliKa
¢ c @Sl

2/4 MRI scan abnormal and consistent with chronic bilirubin encephalopathy

3 developed normally

7 with abnormal development (gross motor, fine motor adaptive and social skills)
2 lost to follow-up

Bjerre et al., 2008

113 infants with TSB 226.3 mg/dL

Review of medical records ranging from H ¢ o
Y 2y/iKd

32/113 had follow-up available

All except for one with advanced ABE findings had normal neurological outcome at
follow-up.

Ebbesen et al., 2005

32 infants with TSB beyond EcT limit (median max
TSB 28.8 mg/dL)

Review of medical records

1/32 signs of chronic bilirubin encephalopathy at 23 months (hypertonia, retrocollis,
opisthotonos, pronation of the upper extremities, jittering, irritability, seizures,
apnea, cyanotic attacks, fever, high-pitched cry, mental retardation, dystonic
cerebral palsy)

Ebbesen et al., 2010

463 medical records of males with non-hemolytic
neonatal hyperbilirubinemia matched with military
records

12,718 medical records of males with no history of
neonatal hyperbilirubinemia

Review of medical records and Boerge Prien 1Q test
at mynHn 8SIHE 27 1-.3S

Neonatal exposure to non-hemolytic hyperbilirubinemia was not associated with an
increased risk of neuropsychiatric diagnosis

Cognitive scores slightly lower among hyperbilirubinemia group but did not
correlate with peak TSB level within the group

Gkoltsiou et al., 2008

11 infants with unconjugated hyperbilirubinemia of
>23.4 mg/dL and/or neonatal or later neurological
signs suggestive chronic bilirubin encephalopathy
and with at least one cranial ultrasound and one
MRI brain scan

Brain imaging

Neurodevelopmental assessments with
Griffith’s Mental Developmental Scales and
Hammersmith

infant neurological exam, BAEP

7/11 developed cerebral palsy (CP), 4/11 were severely dyskinetic and unable to sit
or walk at 2-3 years, 3/11 had dyskinetic or athetoid movements, delayed sitting but
independent walking by 2—3 years

6/8 infants with an abnormal neonatal examination developed CP

% with neonatal seizures and abnormal EEG had a poor motor and auditory outcome

% with hyperechogenicity in the basal ganglia and white matter on cranial
ultrasound developed CP
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Harris et al., 2001

6 infants readmitted in the first week with TSB >25
mg/dL

Clinical evaluation and MRI ranging from 0fp ¢ C
&SI

% with MRIs had abnormal findings consistent with chronic bilirubin encephalopathy

5/6 had resolutions of abnormal neurologic signs by 12 months, and remained
normal at follow-up, however 1 patient did have residual bilateral hearing loss

1/6 had residual neurologic abnormalities with mental retardation and cerebral
palsy at 6 years of age

4/5 with normal follow-up MRI (1 abnormal was child with neurological
abnormalities)

Jangaard et al., 2008

3431 newborns with hyperbilirubinemia (13.5-
19mg/dL)

348 newborns with hyperbilirubinemia (>19mg/dL)
52,240 newborns with no hyperbilirubinemia

Review of medical records ranging from H (i2 ¢ 8511/

No significant difference in composite outcome (deafness, cerebral palsy,
developmental delay, gaze palsy, attention deficit disorder, autism spectrum
disorders) in either moderate group (adjusted RR: 1.1; 95% Cl: 1.0 —1.2) or severe
group (adjusted RR: 1.1; 95% Cl: 0.8 —1.4), compared with controls

Risk of developmental delay was significantly increased in the TSB 13.5-19mg/dL
group as compared to controls (adjusted RR: 1.6; 95% Cl: 1.3-2.0)

There was a significant increase in the risk of attention-deficit disorder among
infants exposed to TSB levels of 219 mg/dL (adjusted RR: 1.9; 95% Cl: 1.1-3.3)

Maimburg et al., 2009

9 children born at 235 weeks gestation with chronic
bilirubin encephalopathy

Max bilirubin score ranged from 31.1 — 43.6 mg/dL

Review of medical records

3/9 died before the age of 2 years
5/9 had mental retardation
4/9 had cerebral palsy

4/9 had hearing impairment

Mukhopadhyay et al., 2010

25 neonates born at 235 weeks gestation with
>20mg/dL TSB and signs of ABE who underwent
double volume exchange transfusion

Mean TSB at admission 36.9 mg/dL

Denver Developmental Screening Test (DDST-1)
and neurological exam at o cI § I'yR MH Y 2yTKa

Brainstem evoked response audiometry (BERA) at 0
Y 2y/iKd

13/24 (54%) tested at 3 months had abnormal neurological status
5/18 (28%) tested at 6 months had abnormal neurological status
4/14 (29%) tested at 9 months had abnormal neurological status
4/15 (27%) tested at 12 months had abnormal neurological status

Of the 15 available for follow-up at 1 year, 3 had a normal outcome on all
assessments (neurological exam, DDST and BERA)
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Newman et al., 1993 41,324 infants with birth weight 22500g who Max TSB was not associated with 1Q
survived at least one year and had one bilirubin
level recorded Risk of abnormal or suspicious examination results at 7 years increased from 14.9%
in the group with max TSB <10 mg/dL to 22.4% in the >20mg/dL group, p<.001

Max TSB levels:

<10.0 mg/dL = 14,919 infants Neurological exam items associated with increasing neonatal TSB - nonspecific gait

10.0-14.9 mg/dL = 1,426 abnormalities

15.0-19.9 mg/dL = 404 (p <.001), awkwardness (p < .001),

>20.0 mg/dL = 137 equivocal Babinski reflexes (p < .001 on right; p = .006 on left), abnormal cremasteric
reflex (p =.001), abnormal abdominal reflex (p = .008), failure at fine stereognosis (p

IQ at T &SI =.008), vasomotor abnormality (p = .005), questionable hypotonia (p values ranged
from .005 for the right upper extremity to .07 for the

Neurological exam at M I'yR T &SI+ia trunk), and gaze abnormalities (p .001 to .05)

Hearing evaluation at 0 |-yR y aSig Occurrence of sensorineural hearing loss at age 8 years was ~2% regardless of
bilirubin level

Newman et al., 2003 11 infants with TSB >30mg/dL within first 30 days of | 1/11 died of sudden infant death syndrome, no signs of chronic bilirubin

life encephalopathy at autopsy

Review of medical records, 9/10 with normal neurological exam, 1/10 with “questionable” exam

psychometric testing, neurologic

examinations (range Mp RI-24 ¢ nop &SIHA), 7/8 parental report had no concerns, follow-up ranged from 3 to 5 years, 1/8

parental report (range 0 ¢ p &8SHid) parental report noted speech therapy

3/3 with intelligence testing, tested in normal range at age 5

Newman et al., 2006 140 infants with TSB 225mg/dL, treated with No significant differences between the study group and the control group in the
phototherapy, EcT or observation/follow-up results of intelligence testing or visual-motor integration
419 randomly selected control infants 14 (17%) of the children with hyperbilirubinemia had “questionable” or abnormal

findings on neurologic examination vs. 48 controls (29%) (p = 0.04)
Neurodevelopmental evaluations at mean of pim
&Shia
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Seidman et al., 1991

1948 neonatal medical records matched to military
draft records

308 with hyperbilirubinemia (TSB 5 to 8 mg/dL)
144 with hyperbilirubinemia (TSB >8 mg/dL on the
first day of life, 15 mg/dL on the second day of life,
20 mg/dL thereafter)

Remaining 1496 considered controls

Intelligence test and physical exam at mT 8SH&

Mean 1Q score was significantly lower (P < .03) only for males in severe neonatal
hyperbilirubinemia group, no difference after adjusting for confounders

Risk for IQ score <85 was found
to be significantly higher (P = .014) among full-term male subjects with TSB >20
mg/dL) (OR =2.96)

School achievement (<12 years of schooling; 212 years of schooling and professional
nontechnologic education) was not influenced by bilirubin levels in both males and
females

No association was found between neonatal hyperbilirubinemia levels and the
subjects’ health profile (physical exam)

Soorani-Lunsing et al., 2001

20 neonates with TSB >12.8 mg/dL
20 matched control neonates

Neurological assessments at oy RI-8al 0 Y 2yiiK&
I'yR MH Y 2y1KE

At 3 month follow-up, results consistent with findings in neonatal period

At 12 months, the rate of minor neurologic dysfunction was still significantly higher
in the study group (10/20) than in the control group (2/20), p<0.05, neurologic
outcome at 12 months was strongly related to max TSB

Wolf et al., 1999

50 infants with TSB >23.4mg/dL

Bayley Scales of Infant Development (BSID) and
clinical exam at MH Y'2y(iK& 27 I-9S

2 infants died (cause not noted), 7 lost to follow-up
11/43 (26%) had abnormal or suspect BSID scores, 32/43 normal at 12 months

Infants with the highest TSB levels
scored lower on the BSID, p<0.03

5/43 (12%) infants had cerebral palsy, 2/43 (5%) had severe motor delay, 4/43 (9%)
moderate motor delay

+agI 96213R t20Syhit
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Chen et al., 1995

26 infants with bilirubin between 10-14.9 mg/dL
25 infants with bilirubin between 15.0-19.9 mg/dL

21 infants with
bilirubin 220 mg/dL

22 control infants

VEP
Neurological exam and Denver test at m 8514l 27 I-3S

None of the infants in the low and moderate follow-up groups showed any
abnormality in the DDST and neurological examination

4/18 infants who followed up in the severe group, were abnormal in gross motor
and fine motor skills of DDST, 1 also showed general hypotonia

Chen et al., 2006

16 neonates with hyperbilirubinemia (TSB 13.2-19.9
mg/dL)

8 neonates with hyperbilirubinemia (TSB =20
mg/dL)

Repeated VEP dzyfilf 1 8S1Hia 2F 198

Neurodevelopmental follow-up until 0 8SIHi&

VEP testing of all subjects was normal after 12 months

1 term infant from the severe group with hyperbilirubinemia owing to ABO
incompatibility had mild hypotonia and motor delay at 10 months,
neurodevelopment status was normal at 3 years

AHyEISY TazRMG21@ 9921SR t20Syill-

Chen et al., 2006

29 term infants with hemolytic hyperbilirubinemia
99 with non-hemolytic hyperbilirubinemia
BAEP at lll-y3S 2T m ¢ mH Y 2ViiK&

Neurodevelopmental evaluation up to 0 8SIi& 27
I-3S

2/3 in hemolytic group with abnormalities had normal results at 2 years of age, 1/3
had a slightly increased hearing threshold

7/9 in the non-hemolytic group with abnormalities had normal results at 2 years of
age, 2/9 had a slightly increased hearing threshold

29/29 in hemolytic group had normal neurodevelopment at 3 years of age
99/99 in non-hemolytic group had normal neurodevelopment at 3 years of age

No relationship between BAEP results and neurodevelopmental outcomes
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Nickisch et al., 2009

15 children with neonatal TSB >20mg/dL and/or
diagnosed bilirubin encephalopathy by MRI

15 randomly selected matched controls with

neonatal TSB 12.5-19.5mg/dL

Audiological examination lly3ty3 Ti2Y mm Y 2yliKa

2 ¢ &S

13/15 (87%) children in the hyperbilirubinemia group had clinically significant
findings, 4 children had bilateral deafness, 1 with unilateral deafness

2/15 (13%) of children in the control group had clinically significant findings

Table 8 — TSB levels and associated infant clinical presentations at <3 months*

) o LRY LY 0 2y {qumg’JSR oK y2 .AfANszOAy'SyOSLJ[(I-AfifLJI-[iKé ) » gSNgQéyfjl-aé 2 olfiidzoly”
¢{. 0YIKR[ LyFl-yl (201 A Vv &S1jd:St1-S 6o l-oy2UY I Yza0tS d2yS IyR 5SIiK SyOSLKIH2UI-iKe YR
Y 2y/iKa Y 208Y Syl RIE2URSN I 0 Y 2yiKa RSIiK
<20 62 35 60 1 1 3.2%
20.0-24.9 48 34 34 7 7 29.9%
25.0-29.9 33 9 12 12 6 54.6%
30.0-35 12 3 7 2 75%
>35 7 1 0 5 2 100%

*data from Hameed et al., 2011, discrepancy in number of 25.0-29.9 subjects as stated in report
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Table 9 — Quality assessment of abstracted literature pertaining to screening
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HMN

Data obtained from screening programs in U.S. population or similar.

Data from systematic studies other than from whole population screening.

23

Estimated from the known biochemistry of the condition.

CI-aS Li2alings NI-iS

M

Data obtained from screening programs in U.S. population or similar.

Data from systematic studies other than from whole population screening.

Estimated from the known biochemistry of the condition.
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Data obtained from screening programs in U.S. population or similar.

Data from systematic studies other than whole population screening.

Estimated from the known biochemistry of the condition.
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Data obtained from screening programs in US population or similar.

Data from systematic studies other than whole population screening.

Estimated from the known biochemistry of the condition.

o

hikSi a01SSyry3 (Sai OK MII-0Sad0&

HN

Methods

Implementation

Risk Assessments

Harms

=l

TRILIISR T02Y t1-yR20 Sii 16 nann €266 S 10 mpgT

53|Page




Table 10 — TcB screening for elevated TSB values

{{iazRe t2Udktl-ii2y /27 ¢ 3l til-0SY Syl ¢{. 02Y L2y g1uS {Syaliieszo  {LUSOmONRA:2 0
Boo & Ishak 2007 345 healthy term neonates with 14.6 mg/dL, median 70 hours, forehead >17.5 mg/dL 100 39.2
! hyperbilirubinemia 11.7 mg/dL, median 70 hours, sternum >17.5 mg/dL 100 33.6
303 infants >34 weeks gestation
Briscoe et al., 2002* | having blood drawn in first week of 18 TcB value, mean 36 hours, forehead >14.6 mg/dL 100 45.0
life
Dai et al., 1996* 45 healthy term infants 17 TcB value, >24 hours, forehead >15.2 mg/dL 100 68.0
196 premature infants <38 weeks TcB value 6, mean 4.5 days, forehead >6 mg/dL 97.8 40.0
Sanpavat & . . .
Nuchprayoon,2007* gestatu.:nrl WIFh V|s.uaIIy observed TcB value 12, mean 4.5 days, forehead >12 mg/dL 53.1 88.9
hyperbilirubinemia
Schmidt et al., 31 preterm neonates 32-34 weeks >4mg/dL, mean 58.8 hours, sternum >6mg/dL 98.0 29.0
2009* gestational age >8mg/dL, mean 58.8 hours, sternum >10mg/dL 93.0 74.0
*Raw data values used in calculations for sensitivity and specificity not stated
Table 11 — TcB screening for subsequent significant hyperbilirubinemia
{{izRe t2Uitl-in2y” /2 1Y ly3 {dz6aS1jizSyt KBLISUGMNAzOoYS Y - {Syaiiignieszo  {LISOMmONiR4T= 0 Tty 0 bt+330
461 healthy term >5 TcBl, 24 hours 100 (81/81) 35.5(135/380) 24.8 (81/326) 100 (135/135)
Bhat & Rao, newborns born >8 TcBl, 48 hours >17mg/dL at >72 hours of age 100 (81/81) 52.6 (200/380) 31.0 (81/261) 100 (200/200)
2008 between 37 and 42 >7 TcBl, 24 hours 83.9 (68/81) 83.6 (318/380) 96.0 (318/331)
)

weeks gestational age

>11 TcBl, 48 hours

44.4 (36/81)

95.5 (363/380

(
52.3 (68/130)
67.9 (36/53)

88.9 (363/408)

Carbonell et al.,
2001*

2004 healthy term
newborns of 37-42
weeks gestational age

>13 TcBl, 48 hours,
sternum

>17mg/dL at >72 hours of age

98.0

32.0

08.0

99.6

*Raw data values used in calculations for sensitivity, specificity, PPV and NPV not stated
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Table 12 — TSB screening for subseguent significant hyperbilirubinemia

PERY ‘7 " Av- A | T AL = - A A Ay Axds dm 1 AA Ry o nn 1 i i

ficRe 2Lty /62T ¢hY ly3 {020851jtzSy 18LISIEOYSY 11 (Syaiiidiiegz o {LSOMOGRE? 6 ;tu ;tb
i > >
Agarwal et al., 220 |nfants >35 weeks >6mg/dL, 24 hours >17mg/dL >24 hours of age 95.0 706 272 99.3
2002* gestation
498 healthy term newborns 26.2 97.9
>
Alpay etal., 2000 >38 weeks gestation 26me/dL, 24 hours >17mg/dL >24 hours of age 90.0 (54/60) 65.3 (286/438) (54/206) | (286/292)
Carbonell et al., 2004 healthy term >6mg/dL, 24 hours 100 60.0 13.0 100
* newborns of 37-42 weeks >17mg/dL >72 hours of age

2001 gestational age >9mg/dL, 48 hours 98.0 45.0 10.0 99.6
Prasarnphanich & | 1983 healthy term 12mg/dL, 48-72 >13mg/dL 49-72 hours of age, 215mg/dL 15.3 95.9
Somlaw, 2007 neonates hours >72 hours of age 36.6 (15/41) 87.9 (604/687) (15/98) (604/630)
Seidman et al.,, 1177 healthy term >5mg/dL, 8-24 >10 mg/dL on day 2, >14 mg/dL on day 63.1 94.2 i i
1999* newborns hours 3,>17 mg/dL on days 4 and 5 of life ’ ’
*Raw data values used in calculations for sensitivity, specificity, PPV and NPV not stated
Table 13 — Predictive characteristics of TSB risk zones on Bhutani nomogram for subsequent hyperbilirubinemia*
tSN0SyAilts {Syalindies: o {LS0m0NiR 2 T2 0 bt+3
Above 95" 54.0 (68/126) 96.2 (2610/2714) 39.5 (68/172) 97.8 (2610/2668)
Above 75" 90.5 (114/126) 84.7 (2300/2714) 21.6 (114/528) 99.5 (2300/2312)
Above 40" 100 (126/126) 64.7 (1756/2714) 11.6 (126/1084) 100 (1756/1756)

*CliR2Y" . Kdzdl-yA St I mcpapcp

Table 14 — Predictive characteristics of predischarge TcB values on Bhutani nomogram for subsequent hyperbilirubinemia

fliRe t2uiliiay ;A%” /02T yaiipiies: {USOmGIRE 2 0 T 0 b4 0
490 term and near-term
Bhutani et al., 2000 newborns at discharge from 12-98 hours, >75™ 100 (23/23) 88.1 (349/396) 32.86 (23/70) 100 (349/349)
well nursery
>
Dalal et al., 2009* 358 neonates born at 235 weeks | 55 yg 0,0 575" | 826 79 412 95.1
of gestation

*Raw data values used in calculations for sensitivity, specificity, PPV and NPV not stated
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Table 15 — Quality assessment of abstracted literature pertaining to treatment

¢eLIS 27 SAIRSYDS bdzY oSl 27 Hii0fSa
2l 00
OFS0IaSySaa 2F (NSHiY Syt W
I. Well-designed RCTs. 1
II-1. Well-designed controlled trials with pseudo randomization or no randomization. 1
11I-2. Well-designed cohort studies: 5
A. prospective with concurrent controls n
B. prospective with historical control n
C. retrospective with concurrent controls. M
1I-3. Well-designed case-control (retrospective) studies. 0
IIl. Large differences from comparisons between times and/or places with and without intervention 2
IV. Opinions of respected authorities based on clinical experience, descriptive studies and reports of expert committees. 2
hiK S US1-0Y Sy 0K HII-0dSNad0& HO
Morbidity and/or mortality 12
Harms 7
Methods 3
Implementation 1
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Table 16 — Bilirubin concentration levels and timing of EcT

Ly3KIE S 1t

{iSiyS1 & 1t

1601970S1aK Sii 160 [V K BYASI Kok W-01a2y1 t1-01- S 146 wnnn {IyuIg1-t i i
HAMN MpH 01002011 mpdT 0/t8aSt-yRI h1 HANP b6 55K ibS 1148yt
LGN RI- e Rl B SIHiGEST =1 141y 1y ML S
OLNOARI W2URI-yD ¥dzauN-El-o ofSl-uutSr =1 {1 {1 0. Y3127 ¢KHtl-yRo RIS /¢ 1{10
:;a' treated with 336 248 106 55 165 66 141
i Mean gestational Mean gestational 111.2 (19-384) hours old;
;\:Iae:ne?ge at EcT 2222) hours old (18 Not stated age: 36.6 + 3.6 (24- age: 35 + 4 weeks preterm 117.1 (25-216) Not stated ilj t3.1days
& 41) weeks old old hours old
Median bilirubin at >9 mg/dL; not 18 (4-37) 24 (15-35) mg/dL; preterm | >12 mg/dL;
time of EcT, (range) 21.9 (10.6-38.7) mg/dL stated Not stated mg/dL 19 (7-28) mg/dL not stated Not stated
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Table 17 — Morbidity and mortality related to EcT

¢201- 581-iKa I-iinodzil-ofS i2
{{izRe nSI-iSR SEOKI-y3S (il-yathai2y” /KN2y10 6ithidzoty” SyOSLK IH2LII-iKe hikSu 02Y L0I-ii2ya IHiiinodzil-ofS 2 90¢ dyazY oSN 1F7S0ISRI
ik 90¢ LI20SRANS
Abu-Ekteish et al, | 53 1 septiceria) 2 treated with €T (biirubinlevels were | (20 R e e thetis 1), hypernatremia
2000 P 34.3 and 38.7 mg/dL) (1)'0 ‘ ‘ g - Nyp
. Apnea (1), transient hypocalcaemia and hypoglycemia, asymptomatic
3 (2 necrotizing . . .
Guaran et al., s . . bacteraemia, perforated bowel, nonfatal necrotizing entercolotis,
248 entercolitis; 1 massive None mentioned . . . . . .
1992 inspissated bile syndrome, disseminated intravascular coagulopathy
pulmonary hemorrhage) (1)
2 (1 cardiac arrest and Renovascular hypertension (1), bacteremia (1), ompalitis (2), apnea,
Jackson, . . . .. s ey . .
106 hemorrhage; 1 respiratory | None mentioned bradycardia requiring resuscitation (6), jitteriness associated with
1997 . . .. o
failure and heart block) hypocalcemia (4), necrotizing entercolitis (2), other
1 (potentially attributable Seizures (1), hypotension (5), low platelets (29), low calcium (19), low
Patra et al., 2004 | 55 respiratory dlstr-ess; mu-ltl- None mentioned HCO; (1§), cathet-er malfunction (6), hypoglycemla (2), bradycardia
organ system failure prior (1), respiratory distress (4), hypokalemia (2), vessel thrombus (2),
to EcT) acute renal failure (1), omphalitis (1)
No chronic bilirubin encephalopathy ;
but 5 infant -EcT might b
u . intants pre-tc’ Might be Omphalitis/ infected wound (9), septicemia (4), necrotizing
Sanpavat, 165 0 considered to be enter phase 1 of acute entercolitis (2), pneumonia (2), diarrhea (2), anemia (7), apnea (1)
2005 form of clinical bilirubin . /P ’ ’ »ap ’
. cardiac arrest (1)
encephalopathy (poor suckling, stupor
or hypotonia); all disappeared after EcT
Singhal et al tachypnea (7), bradycardia (5), cardio-respiratory arrest (4), difficult
& Y 66 0 None mentioned cannulation of umbilical vein (3), anemia (17), hyplglycemia (7),
1992 . . S . .
septicemia (6), acidosis (5) and congestive heart failure (1)
Steiner et al Catheter malfunction (4), seizures (3), necrotizing entercolitis (2),
Y 141 0 None mentioned apnea (1), bradycardia (5), hyperkalemia (1), other (16),
2007 . .
hypocalcemia (53), thrombocytopenia (53)
1 (non-chronic bilirubin 3 infants with chronic bilirubin
4 encephalopathy infant; encephalopathy died; 1 of the 3 was
Watchko et al., (79 infants P 'p y L P 'p Y ’ . Hyperkalemia, hypocalcemia, hypothermia, wide fluctuations in
bradycardia and metabolic | treated with EcT, 2 managed with . .
1994 not treated . R blood pressure, acidosis, bradycardia
with EcT) acidosis; no clear cause of | phototherapy alone. (bilirubin levels of

death determined)

26 mg/dL, 11.3 mg/dL and 18.5 mg/dL)
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Table 18 — Neurological and developmental outcomes for early symptomatic and presymptomatic treatment of neonatal hyperbilirubinemia

{itRe = e CISHiY Sy o
£ oy Sai 0z0¢S0id 10 61-aSt & S hdzi02Y Sé
RSy ¢ { yS SYLIf2eSR
AHyEISY YaRi208 9921SR t20Syil- IyR 550521 Syl 138538y Syid
30 neonates with
>15mg/dL; mean level
=22.4 mg/dL; mean age -17/30 study neonates showed abnormal on initial BAEP pre treatment
Agrawal et e S . e
BAEP; Denver 4.2 days old . -Abnormalities in BAEP correlated significantly with bilirubin level
al., 1998 14 with EcT . . . .
Developmental . -Post treatment abnormalities reverted back to normal in 10 cases, but persisted in 7 of
! 16 with s
Cohort Screening Test Control group: 25 hotothera the 17 initially abnormal BAEP
stud (DENVER11) neonates with P Py -Developmental screening at 1 year was abnormal in 3 infants who also had an abnormal
¥ <12mg/dL; mean level BAEP (two were exhibiting signs of bilirubin encephalopathy at study time)
=7.7 mg/dL; mean age
3.9 days old
. 18 infants with >15 18 -Abnormal initial BAEP only occurred in seven neonates, all with initial bilirubin
Deorari et .
al. 1994 mg/dL phototherapy | concentrations above 22.8mg/dL
v BAEP; development If abnormal -BAEP abnormalities reversed to normal in all seven neonates after EcT
Cohort guotient Control group: 20 term BAEP, used -Hearing and developmental quotient was normal for all neonates at 1 year of age
stud neonates without EcT also (7 -None of the study or control groups developed neurological sequelae as assessed at one
y hyperbilirubinemia cases) year follow-up
-2 infants showed initial clinical symptoms of bilirubin encephalopathy; One infant had
Funato et sustained abnormal BAEP findings at 3 months of age
l., 1996 10 b ith - i initial clini ilirubi
al,, BAEP; development new. .orn§ wi . All (10) with Two infants initial clinical symptoms of bilirubin encephalopathy recovered to normal
wotient: 1Q hyperbilirubinemia EcT BAEP at 1.5 and 5 years of age
Before and q ! (>20mg/dL) -Developmental quotient follow-up from 1.5 to 6 years was normal for all
after -Intelligence quotient was normal for all but one who had a borderline 1Q at 6 years of age
and had prolonged recovery of BAEP
. -BAEP wave latencies were not significantly different between the control group and
20 term neonates with 17 with hototherapy only grou
Lee et al., BAEP; peak TSB >18.5mg/dL P . 'py y group
o o phototherapy | -13 infants in the phototherapy only group demonstrated normal language development
2002 language/communicati | (within 5 days of age) or .
on development >20me/dL (>5 days old) only at follow-up (ranging from 3 months to 5 year follow-up)
. . - 3 with both -2 of the 3 phototherapy and EcT treated group had abnormal BAEP, and developed
Cohort milestone: infancy N e
stud through school-age Control group: 14 phototherapy | chronic bilirubin encephalopathy (bilirubin levels not clearly stated, but presumably
Y J g sroup: +EcT >20mg/dL based on methods)

healthy neonates
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99 total infants (30 with
mean

-9/99 had abnormal BAEP when initially assessed
-Only 2/99 (both from 26.9mg/dL group) had abnormal BAEP at 2 years of age; all others

W t All 99 with
al 0;355 BAEP; physical, bilirubin=18.9mg/dL; 63 hoto::era normal
Y neurologic, visual and with mean P Py -2/99 (one from 26.9 mg/dL, one from 21.7mg/dL group) had mild motor delay at 3
. . e 3 also treated
. auditory evaluations bilirubin=21.7mg/dL; 6 . months of age, and both returned to normal before 1 year of age
Case series . with EcT
with mean -No abnormal effects of phototherapy were found
bilirubin=26.9mg/dL ) -No relationship between abnormal BAEP and abnormal neurodevelopmental status found
bSii2RSASE2LY Syl 991-fzl-li2ya

Chen and 16 in group 1: bilirubin -All infants had regular physical, neurologic, visual, and auditory evaluations until 3 years
Wong, VEP; physical, level 13.2-19.9 mg/dL All (32) with of age
2006 neurologic, visual, and hotothera -4 had abnormal initial VEP between the two groups before 1 year

auditory evaluations 8 in group 2: bilirubin P PY | _All but one had normal neurodevelopmental status by 3 years of age; one child from
Case series level 220 mg/dL group 2 had motor delay, hypotonia and abnormal VEP

-All presented with hyperbilirubinemia and symptoms of acute intermediate to advanced
Hansen et . . . I .
al. 2009 Magnetic Resonance 6 infants between 4-8 All (6) with phase bilirubin encephalopathy neurological symptoms
v Imagining (MRI); days of life with bilirubin | phototherapy | -2/4 with MRI imaging had increased signals in globus pallidus
. follow-up evaluations levels >27.9mg/dL 4 with EcT -2/6 were normal with speech delay at 2 years of age
Case series
-All other 4 normal at follow-up at ages of 17 months, 4 years, 6 years and 9 years of age

Wechsler Preschool

and Primary Scale of

Intelligence (WPPSI-R);

Beery—Buktenica 140 infants with TSB -No significant differences between the two groups in intelligence testing, cognitive tests,
Newman et | Developmental Test of | 225mg/dL (130 with 25 neurological testing or motor performance at greater than or equal to 2 years of age
al., 2006 Visual-Motor and 29.9 mg/dL and 10 136 with -There were no cases of chronic bilirubin encephalopathy.

Integration, (VMI-4); with >30mg/dL) phototherapy | -The frequencies of parental concern and reported behavioral problems also were not
Case- standard neurological 5 with EcT significantly different between the two groups.
control evaluations; Parent Control group: 419 -When treated with phototherapy or EcT, total serum bilirubin levels in the range included
study Evaluation of randomly selected in this study were not associated with adverse neurodevelopmental outcomes in infants

Developmental infants born at or near-term.

Status (PEDS); Child

Behavior Checklist

(CBCL)
Scheidt et . -Examined neurological and developmental outcomes at 6 year follow-up, post EcT for

Wechsler Intelligence - . e .
al,, 1991 . 224 neonates weighing All (224) with | hyperbilirubinemia

Scale for Children— . L . . e

Revised (WISC-R) less than 2000g at birth EcT -No association was evident between maximum bilirubin level and 1Q
RCT -1Q not associated with mean bilirubin level, time and duration exposure to bilirubin
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Wolf et al.,

1999 Bayley Scales of Infant
Development (BSID)

Case series

50 infants admitted with
aTSB > 23.4mg/dL

7 with EcT

-4/6 surviving infants with EcT scored abnormal on BSID at 1 year of age

-Overall, 11/43 surviving infants scored abnormal or suspect on the BSID at 1 year of age
(2 with severe motor delay and 4 with moderate motor delay)

-5/43 developed choreo-athetosis type of cerebral palsy

-Infants with highest bilirubin levels scored lower on BSID at one year of age (p<0.03)
-Correlation between BSID raw scores at 12 months and TSB levels was 0.59 (ANCOVA)

Table 19 — Quality assessment of abstracted literature pertaining to economics

¢2LIS 27 SEIRSYDS bdzY 651 27 Hiii0fSa
902y2Y10 p

I. Evaluation of important alternative interventions comparing all clinically relevant outcomes against appropriate cost measurement and 0

including a clinically sensible sensitivity analysis.

1. Evaluation of important alternative interventions comparing a limited number of outcomes against appropriate cost measurement, but 1

including a clinically sensible sensitivity analysis.

lll. Evaluation of important alternative interventions comparing all clinically relevant outcomes against inappropriate cost measurement, 4

but including a clinically sensible sensitivity analysis.

IV. Evaluation without a clinically sensible sensitivity analysis 0

V. Expert opinion with no explicit critical appraisal, based on economic theory 0

TRILIGSR M2Y b 19 /3yiS 20 wSaiSoa I'yR 51aaSYiyl-di2y wSli2\ ni a0k M
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Table 20 — Abstracted economic literature reported cost outcomes and major drawbacks

142K 210080 ¢1ltS 2F t1-LSN JSHE {ldRe ¢BLS 902y2Y'10 Sal-itzl-ii2y 1yR 1yy/2il-iSR 024
e 10 years of data on newborn hospitalizations from CA using hospital discharge
Readmission for records
Burgos,A. E.;Schmitt,S. neonatal jaundice in e Charges converted to costs using charge-to-cost ratio
K.;Stevenson,D. K.;Phibbs,C. [California, 1991- 2008 |Cost analysis *  Mean cost of jaundice readmission $2764 in 2001$
S. 2000: trends and e Sample: healthy infants >34 wks gestation and <42 wks
implications e Mean LOS = 2.5 days
*  Mean cost per day = $991
Laborat'ory *  Reports only charge and cost for recommended tests, bilirubin + blood tests ($125
. evaluation of .
Newman,T. B.;Easterling,M. undice in charge, $80 reimbursement)
J.;Goldman,E. Jnewborns 1990 |Cost analysis e Data are very dated (1980-1982) and from only one hospital, UCSF
S.;Stevenson,D. K. ) ¢ Unlikely that tests have remained the same since 1982
Frequency, cost, and
yield
L e Charges for newborn hospitalizations from one hospital in TX
Association of e . -
6,603 newborns *  Reported as mean charges for hyperbilirubinemia-related readmission
transcutaneous . . e
Petersen,). R.;Okorodudu,A. |, ... . L Pre-TcB testing group = e Study was not designed to measure healthcare costs (from paper); no description in
bilirubin testing in
0.;Mohammad,A. . . (August 2002 - March methods
hospital with 2005 .
A.;Fernando,A.;Shattuck,K. decreased 2003) e Only charges reported, no adjustment for charge-to-cost
E. o TcB testing group = (May [«  Conclusion is that there is an increase in charges associated with TcB testing and
readmission rate for 2003 - Dec 2003) H h despite | dmissi for bilirubi ;
hyperbilirubinemia. phototherapy despite lower readmission rates for hyperbilirubinemia
The value of routine e Cost of detecting one case of hyperbilirubinemia: 6.22 US$S
zgltr:ck::i siirgtce;::g to 1983 healthy term . EOSttij-:feCtmg ohe:aslet:f hypert:cllrubme(rjma:-347.5':7 LiSS t .
Prasarnphanich,T.;Somlaw,Ss. g 2007 |neonates (March 2004 - ue to differences in health care patterns and unit costs, it is not appropriate to

hyperbilirubinemia
in Thai healthy term
newborns.

November 2004)

apply Thai costs to US setting
More recent data from US setting available
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Table 21 — Abstracted study elements for economic evaluation of alternative screening strategies for hyperbilirubinemia.

{{iazRe /2ayie {53154 9d1-mI-iSR tSIaLIS0MdS [l 27 ¢iy'S ¢BLIS 27 1SIiK &(1-0Sa lyOfzRSR ty”  /2aity” ¢3S ¢S 21
02yRiil2ya K202y” Y 2RSt Y 2RSt JaSH ULty Iy
400SSySR F21 27 (KS 0/911]
lyl-eala S
20K SN0
Suresh & us 1. Current management Modified Hyperbilirubin | Lifetime | Decision See Fig 1, include: 2002 2.8 million | Cost-
Clark, 2. Universal follow-up 1 to | societal emia & need analytic - Home nurse visit (annual US | effectiven
Pediatrics, 2 days after early (short-term for (decision - Office visit cohort of ess
2004. discharge caregiver Phototherapy tree) _ Lab testing healthy analysis
3. Routine predischarge costs - Hospital phototherapy newborns
serum bilirubin testing excluded) >37 wks)
with selective follow-up - Home phototherapy
and laboratory testing - Chronic bilirubin
4. Routine predischarge encephalopathy
transcutaneous bilirubin (although not shown in
with selective follow-up figure)
and laboratory testing
¢8LIS 27 02aia hyDfdzRSRY
ally 24i02Y Sa 50S00 Y SRIOI 5MS0( hulRlikyliex  {2d00S6a0 2F 0244 {2d210S6a0 2F vizl-iie {2d210S6a0 2F
NSLI2NGSR 6Se301 bK[ T y2YY SRIOI INES in-yani2y Li2o0 I-RedzalY Syt 1jazl-fiie
brv I [T ySii 6SySTiiar IFyO0fizRSR  I-RedzadY Sy
20K SN i
Total costs Home nurse visit Chronic bilirubin | Not included Charge data from one hospital | Published data Not N/A
# cases chronic Office visit encephalopathy in VT Expert opinion included
bilirubin Serum bilirubin (e.g., lifetime Bilirubinometer manufacturer | (interviews with 4
encephalopathy Hemogram costs of medical Visiting nurse association pediatricians)
prevented Blood typing care, special “Talking to local pediatricians” | Author assumptions

Main outcome: cost
per case prevented

education, lost
productivity)

Coombs test
Transcutaneous bilirubin
Hospitalizations
Hospital phototherapy
Home phototherapy
Chronic bilirubin
encephalopathy

VT
Published data

Author assumptions
Medical equipment supplier in
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Xlll. Table of case reports
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XV. Appendix A: American Academy of Pediatrics Treatment Guidelines

CI3diS 1 ¢ mddn ¥ 1t bS2vI-il£ 18LISIBIIEYS Y M- SUSIHY Syi DiRSHySAE
Table 2. Management of Hyperbilirubinemia in the Healthy

Term Newbormn®*
Age, TSB Level, mg/dL (pmol/L)
hours
Consider Phototherapy Exchange Exchange
Photo- Transfusion Transfusion
therapyt if Intensive and Intensive
Phototherapy Phototherapy
Failst
=248

25-48 =12(170) =15(260) =20 (340) =25 (430)
49-72 =15(260) =18 (310) =25 (430) =30 (510}
>72 =17 (290) =20 {340) =15 (430) =30 (5100

* TSB indicates total serum bilirubin,

t Phototherapy at these TSB levels is a clinical

that the intervention is available and may be used on the basis of
individual clinical judgment. For a more detailed description of
phototherapy, see the Appendix.

{ Intensive phototherapy (Appendix) should produce a decline of
TSB of 1 to 2 mg/dL within 4 to 6 hours and the TSB level should
continue to fall and remain below the threshold level for exchange
transfusion. If this does not occur, it is considered a failure of

phototherapy.
§ Term infants who are clinically jaundiced at =24 hours old are
not considered healthy and require further evaluation (see text).
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Fig 2. Nomogram for dasignation of risk tn 2840 well newboms at 36 or more waeks" gestational age with birth welght of 2000 2 or mora
or 35 or more weaks' gestational age and birth walght of 2500 ¢ or more based on the hour-specific senum bilirubin values. The serum
biblirubin level was obtained before discharge, and the zone in which the value fell predictad the likelthood of a subsequent bilirubin [evel
exceading the %5th percantile (high-risk zone) as shown in Appendix 1, Table 4. Used with pearmission from Bhutand et al* See Appendix

1 for additional information about this nomogram, which should not be used to represent the natural history of neonatal hyperbiliry-
binemia.
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s=== infants at lower risk 1= 38 wk and well}

L

= == Infants at medivm risk (= 38 wk + risk factors or 35-37 &7 wh. and well =
Infaniz at higher risk (35-37 87 wk, + risk lactors) =]
1 L 1 L i i | Il 'l

o [l | I [ 0O
Birth 24 h 48h T2 h g8 h 5 Days € Days T Days

Age

# Uiz fotal birubin, Do not subtract dracl reacting or conjugatad bilinutin

= Rlsk factors = issarremiune hemolytc disease, GAPD deficiency, asphywia. significant lethargy, femperature instability,
s=psis, acidosie, or albumin < 3.0g0dL {if measered)

= For well indanks 35-07 67 wh can agust TSE evals for Intarvention amound the medam risk line, 1L is an opfion o
Intervens st lowsr TSE lavals for infants closer ke 35 wiks and at higher TS kvals lor those closer 1o 37 67 wh.

= |t i an aplion %o provide cemnantional photciherapy in hospital or at home at TSE levels 2-3 mg'dl (35-50mmealiL)
belo those shown but homa phototherspy should not be wsed in any infant with risk factars.

Fig 3. Guidelines for phototherapy in hospitalized infants of 35 or mome weeks' gestation.

MNote- These guidelines are based on limited evidence and the levels shown are approximations. The guidelines refer to the use of
intensive phototherapy which should be wsed when the TSB exceads the line indicated for each category. Infants are designated as "higher
risk” bacause of the potential nagative effects of the conditions listed on albumin binding of bilirubin *— the blood-brain barrier,* and
the susceptibility of the brain cells to damage by bilirubin =

“Intensive phototherapy” implies irradiance in the blue-green spactrum (wavelengths of approximately 430-490 nm) of at least 30
aW/om?® per nm (measured at the infant’s skin directly balow the center of Thelﬁgmudmrapj unit) and delivered to as much of the Infant’s
surface area as possible. Note that iradiance measured below the center of the lght scurce 1s masch greater than tha: measured ae tha
periphery. Measurements should be made with a radiomater spectfed by the manufacturer of the photothiempy system

Ses Appendix 1 for additional information on measssring the dose of phototherapy, a description of intensive phototherapy, and of lighs
soures used. IF total serum bilirubin levels approach of axcesd the exchange transhusion ling (Fig 4), the sides of the bassinat, incubator,
or warmer should be lined with aluminum foil or white material ** This will increase the surface area of the infant exposed and incresse
the efficacy of phototherapy ™

1f the tosal serum bilirubin does not decrease or continues io rise in an infant who s recelving intensive phototherapy, this strongly
sugpests the presence of hamolysis.

Infants who recelve phototherapy and have an elevated direct-reacting or conjugated bilirubin bevel (cholestatic jaendice) may devalop
the bronze-baby syndrome, See Appendix 2 for the use of phototherapy in these infants
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==== |nfanis at lower risk {= 38 wk and well)
= == [nfanis at medium risk (= 38 wk + risk factors or 35-37 67 wk. and well
. Infanis at higher risk (35-37 &/7 wk. + risk tactors)
g 25 — 428
? 1=
E _!-" o mm e mm | mm o me e o o= W
L _-- -
£ 20 nZ 342 g
@ 8" -
s — Pl --!""'_A_ ! =
% -1 ’ |
- - ” |
,‘E 15 = — o57
—
2 |
|
10 . 171
Birth 24h 43 h T2h 26 h 5 Days & Days 7 Days
fige

* The dashed ines lor the lirst 24 hours indicale uncertainty due 3 a wide rangs of clinsca’ circumstances
and a range of responses to pholotheraps

= immadiate exchange transfusion is racommended if infand shows signs of acuts bilirubin encephalopathy
[hypenonia, arching, refrocolils, opistnotonos, Teves, hvgh pitched coy) or I TSB is 25 mgfdl (BSwmokL)
alove these lines.

« Bk lactors - [Soimmune hemaolytic dissass, GEPD deficiency, asphyvos, significant lathargy, temperatirs
mstahility, sepsis, acidosis

* Meagene SEnam albiumin and calaulate BIA ratio (Bes gand)

= Lige total bilirubin. Do not sublract direct reacting or conjugated bikrubin

= I mfant is well and 35-37 87 wh [Medan k) ean individualize TSE lives ke exchange Based on actusl
gastatonal age.

Fig 4. Guidehlnes for exchange transfusion in infants 35 or more weeks™ gestation

Mote that these supeested lovals esenita consensus of most-of the committee but are based on lmited evidence, and the levels shown
are approximations. See ref. 3 for risks and complicatlons of exchange transfusion. During birth hospitalization, exchange transfuslon s
recommendad if the T5E nises to these levels despite intensive phototherapy. For readmdtted indants, if the T5B level is above the exchange
lavel, repeat TSE measurement every 2 to 3 hours and consider exchange if the TSE remalns above the levels indicated after intensive
phototherapy for & howrs.

The following B/ A ratos can be used togesher with but in not in liew of the TSB level as an additional factor in determining the need
for exchange tansfusion™:
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